Lafayette College
Department of Civil and Environmental Engineering

CE 321: Introduction to Environmental Engineering and Science Fall 2019
Homework #10
Due: Monday, 11/25/19
SOLUTIONS
1) If the BOD of a municipal wastewater at the end of 7 days is 60 mg/L and the ultimate BOD

2)

3)

4)

5)

6)

7)

8)

is 85.0 mg/L, what is the rate constant?

Assuming that the data in Problem 1 were taken at 25°C, computer the rate constant at 16°C.

A sample of municipal sewage is diluted to 1% by volume prior to running a BODs analysis.
After 5 days the oxygen consumption is determined to be 2.00 mg/L. What is the BODs of
the sewage?

If the BODs values for two livestock wastes having k values of 0.3800 day™!' and 0.240 day!
are16230.0 mg/L, what would be the ultimate BOD for each?

A wastewater has a five-day BOD equal to 210 mg/L (test performed at 20°C) and an
ultimate BOD of 350 mg/L. Find the five-day BOD at 25°C.

In a standard five-day BOD test,
a. Why is the BOD bottle stoppered?
b. Why is the test run in the dark (or in a black bottle)?
Why is it usually necessary to dilute the sample?
Why is it sometimes necessary to seed the sample?
Why isn’t ultimate BOD measured?
What concentration of DO would you suggest as a starting concentration.

™o a0

Assuming 0.1 mM of glutamic acid (CsH9O4N) is used in the following stoichiometric
reactions, calculate the Theoretical NBOD of glutamic acid.
CsHoOsN + 4.50,2 = 5CO; + 3H20 + NH3
NH; + 202 9 NOs; + H" + H20

If the dissolved oxygen concentration measured during a BOD test is 9 mg/L initially, 6
mg/L after 5 days, and 3 mg/L after an indefinitely long period of time, calculate the 10-day
BOD.



9) The following figure shows a plot of BOD remaining versus time for a sample of the effluent
taken from a wastewater treatment plant.
a. What is the ultimate BOD (L,)?
b. What is the five-day BOD?
c. Whatis L for 7 days?
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10) If the BODs for some wastewater if 200 mg/L. and the ultimate BOD is 300 mg/L, find the
reaction rate constant k (base e) and K (base 10).

11) Suppose a wastewater has a BODs equal to 180 mg/L and a reaction rate (k) equal to
0.22/day.
a. Find the ultimate carbonaceous oxygen demand (CBOD).
b. Find the remaining BOD after five days have elapsed.

12) Glutamic acid (CsHoO4N) is used as one of the regent for a standard to check the BOD test.
Determine the theoretical oxygen demand of 150 mg/L of glutamic acid. Assuming the
following reactions:

CsHoOsN +4.502 = 5CO; + 3H,0 + NH3
NH; + 202 9 NOs; + H" + H20



13) 10.0 ml sample of wastewater with enough water to fill a 300 ml bottle has an initial DO of
9.0 mg/L. To help assure an accurate test, it is desirable to have at least a 2.0 mg/L drop in
DO during the five day run, and the final DO should be at least 2 mg/L. For what range of
BODs would this dilution produce the desired results. Assume this test to be a five-day,
unseeded BOD test.

14) A water sample is diluted by a factor of 10 using seeded dilution water. Dissolved oxygen
concentration is measured at 1-d intervals, and the results are listed below. Using these data,
determine the BOD as a function of time, i.e., calculate the BOD for each day.

Time. d . Diluted Sample . Seeded Blank
’ Dissolved Oxygen, g/m’ Dissolved Oxygen, g/m’
0 8.55 8.75
1 4.35 8.70
2 4.05 8.66
3 3.35 8.61
4 2.75 8.57
5 2.40 8.53
6 2.10 8.49
7 1.85 8.46
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1) If the BOD of a municipal wastewater at the end of 7 days is 60 mg/L and the ultimate BOD
is 85.0 mg/L, what is the rate constant?

biven : POD o = LOmg /L t = Tdayg

BOb, = L, =85 mgr

Find ; Rate Constant =k -
Solve, BDD{; = il c—-u)
e,
Lo
miBony =l gt
Lo

Lo
Tkt = IV\I(|—COW L
g5 male
= ==, 22308%
’rﬁ- ==
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2) Assuming that the data in Problem 1 were taken at 25°C, computer the rate constant at 16°C.

Given = R @ 15°(C = O.I'I"‘?/daj
fd: | Ke@iec =7 Kio=7
Soludvim

Koot Ky, 8(1*,-:_1:)'

; | - (zs=~20D
K; =k, (tose )

= 01748 | _ p.133/4
j_o 1. 313 aﬂ

(T, - 20)
Kl\-= KT—O
-10)

K= 0.135 (1aae (7D

5]

T=125%¢ T =k

-r- L= H4'-20°C
1

1.056 = 20°-30°%

7 -7
= D.0F01Y O x10
“ gt |
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3) A sample of municipal sewage is diluted to 1% by volume prior to running a BODs analysis.
After 5 days the oxygen consumption is determined to be 2,00 mg/L. What is the BODs of
the sewage?

Given - t=S5days wb,m),- = Z.00mg/L = |7 Y) bint velume
Fud | Toka® voluee o, wuniapat fewage. = o
Solution, :

2.00wmg /L (da7) - T7%mg /L
198 mgft +2mglL = 200 mg (L

Dsoos. = 200 mﬂn_7
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4) If the BODs values for two livestock wastes having k values of 0.3800 day™! and 0.240 day™
are16230.0 mg/L, what would be the ultimate BOD for each?

Givn * K, = 0,5%00 Aay =} K, *Ds240 day ™" BbDp = 15 230.0mg /L

F,_'ﬂd-' gop for 2ach or | Ly

Soluchan | .
BDDS = LD ('__&k_(‘.;)) —> Lo = BUb_r
O Kk, = ohsﬁooimj"
Lo = Me230.0mgle _ — [19084.43 mg/ L
(‘ 1N é;ﬁ(o-'ﬁwﬂﬁ‘i
® k, =0.240 dmj"’
Lo = 16220.0 mg fL =] 23,225, 34 nw/—:,}
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5) A wastewater has a five-day BOD equal to 210 mg/L (test performed at 20°C) and an
ultimate BOD of 350 mg/L. Find the five-day BOD at 25°C.

Given * £ = Ddays Boby = 210 mgfL @ 20 °C [ ZBD,=350myg)
Hrlﬂd : K,o=7 K27 BOD. @25°C =2
ol wAdy
. (T-lo)]{"'“"c =1.13%
- ek _
© Bop, =L (1-e) @ Ke=K, 0 NN
Bib, =te " (5)
Lo K g =0.1%32day (1.05¢)
et (- KL;‘ = 0.24077 d“"j =l
2 = B0 Db,
Lo
K - [ﬂ,( “'B’DDE)
LD
~+4
K = L!— 200 my fu
29 B ( | 3TvmmglL )
B -5

- ) - 20 %
\am 0.1833 doy @

@ pob.@ 25°¢C

Lo (|'€,_SK)
- (0. 1 -
asomg/e (1 - et ))

2"}"‘1 -“15' mg}(_

1)

BoD ¢ @ 25 %

liopg- @20
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6) In a standard five-day BOD test,

Why is the BOD bottle stoppered?

Why is the test run in the dark (or in a black bottle)?

Why is it usually necessary to dilute the sample?

Why is it sometimes necessary to seed the sample?

Why isn’t ultimate BOD measured?

What concentration of DO would you suggest as a starting concentration.
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7) Assuming 0.1 mM of glutamic acid (CsHyO4N) is used in the following stoichiometric

reactions, calculate the Theoretical NBOD of glutamic acid.
CsHgO4N +4.50; = 5CO; + 3H20 + NH3

NH; + 20; & NO3s + H" + H20

Find * | Thaverat NBp = ?

et
m—

Jﬁlu;twy\ 3
T NEOD = 4.87 mg0, (TKN as N)

mg Iy
M= Conc —y cone = M (mw)
Mw

0.lmm 5mmmﬁua o dmet NH3 = OWiM

In ol glurmle and | |

1€ we nied 0,  Yun

0|MM% y med 0z = 0.LmM 07_
Ynjed

Qne = M(MmwW)

Tiv.o.NBaoé (Dnc.% 0, nucled = 200 MO, (3?. %r-f)

FACH00. 9/ | = (a."]Yﬂﬂ/L’
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8 If the dissolved oxygen concentration measured during a BOD test is 9 mg/L initially, 6
mg/L after 5 days, and 3 mg/L after an indefinitely long period of time, calculate the 10-day

BOD.

Gveni ;| Bop, = Gy /le .‘bon = Ju. ; BOD. =3mp/L
+ =0 aﬂmg s t7= o2
-Fi__......m' : BDDM}=?
A0
Shuwin - Bob,, = £, (1-e*%)
¥
Bod,,
) BODe = TImg/L = Cmg/L = 3mg/L
L,=BUDU‘ = 6]mg/u ~3mglL = bwmg/L
kf)-: Ihﬂ(l—BDDE,)
L Lo
-t
Ke = In () - 3mglL) ~{0.13¢¢ da;j'j
bwglL 4
- o cvianae-w days iy
7 mgaiuag,
BOD,o = L (1-=¢1%)

T ama (14T D)

Bb,, = 4.50 mg/g
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9) The following figure shows a plot of BOD remaining versus time for a sample of the effluent
taken from a wastewater treatment plant,

a. What is the ultimate BOD (Lo)?
b. What is the five-day BOD?

c. What is L, for 7 days?
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10) If the BODs for some wastewater if 200 mg/L and the ultimate BOD is 300 mg/L, find the
reaction rate constant k (base ¢) and K (base 10). = /0§ kaﬂ.L-?) Inv

Given © | Bobg = 200 mg /L Lo=BOD o = 300 mg/L
_Eﬂ_d L@ K{vaste) =7 @ K (base 10) = ?
SU‘M{M" -5k
—®  Bodg = [ (1-¢’™) |
kS S IVL(I i BODS)
3

Ke= tn (1 - ( Z‘;::J':g,l:))

(g §¢0 2191 dauj
o

=5
@ Bons-:'—LD(l“lDr)
Kg = lbﬂ(_“' 5055\
[«}
-~
- _ zoorv:gh..)
Ks l05 (I Bvomgll.)
=5
K = {0,095 4 doud'
()q;c|0)
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11) Suppose a wastewater has a BODs equal to 180 mg/L and a reaction rate (k) equal to
0.22/day.
a. Find the ultimate carbonaceous oxygen demand (CBOD).
b. Find the remaining BOD after five days have elapsed.

Given BODg = WOmg /L K= O.Llldqﬂ
Find - aY) I_‘,"-—CB(IDM =2 bY) Kﬂmalnmg pop = 7
Solugion. *

a) poog =L, (1-¢7*)

LD = BODE = ls’omﬂ“‘
(BT Tk e

Lo == Z(aq-glm-gjg

L) Remammg Bops = L, + NBOD

L‘L‘- = Lb C: it
(o.22 -5)
= (264.51mg/L) »a,o

Ll =

Remainng BOD e = L + YLS"I Mg o,)( X mg N)]
mg N

5

4

Kumamng BOde' = §9.51mg/L + NBOD

¥4. FimgfL + [(‘1-3’1‘“307.)(;( IYBN)]

I ma N

/ ot Q'WCVU
mn W infermadon
Ju_ Sofve
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12) Glutamic acid (CsHoO4N) is used as one of the regent for a standard to check the BOD test.
Determine the theoretical oxygen demand of 150 mg/L of glutamic acid. Assuming the
following reactions:

CsHoOsN + 4.503 2@ 5C0O; + 3H20 + NH;
NH; + 20, 2 NO; + H" + H,0

fuven, - BOD A (s Haoym = ISOmg/L
fnd thusvetcng %gw.ﬁ-mmﬂd: H
Solukgw, ¢
THop = CeoD + NBOD
T e e (R )

—> ISomg CoHaOyN ( | mot N”s)( 179 NHE’)('M"‘(Crﬂao'im)'-'-l'lﬁfy‘i\lﬂ;
L l'—l']g T

L, n. 2 g M (Zmet 02)(-328 0c) et gy - ¢ Ty,
I L mole 119 NH3

THeD = (I‘-Il,."l mg/?") + 53T mp L

212 .1% mg 0

L-
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13) 10.0 ml sample of wastewater with enough water to fill a 300 ml bottle has an initial DO of
9.0 mg/L. To help assure an accurate test, it is desirable to have at least a 2.0 mg/L drop in
DO during the five day run, and the final DO should be at least 2 mg/L. For what range of
BODs would this dilution produce the desired results. Assume this test to be a five-day,
unseeded BOD test.

M ‘ DQL: “I,Dm&lL 0.0 mL Walin and 200 mL in
Natural
DO$= Q'DmglL

Find :  vange vy Bobg =7 (remeer Aanel 2 mgfe)

foluhov: ¢ [BetHe Teat. (uniteded ) \

50D = Do = P0e s P = Dilwbm et = Vofia
-———-—‘5-"—" VoR § ¥hr,

Bibe = Amgll - Zmall = 210 mgfL

lomL /300 mL)
( / m Rangb

pobe = o‘l’me "ln'\3li = b mglL
(fomt [300mL)

T dubudwn WO pmm “dasied YELES Frome it ange 4 6Omg/L
t 210wt BO O
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14) A water sample is diluted by a factor of 10 using seeded dilution water. Dissolved oxygen
concentration is measured at 1-d intervals, and the results are listed below. Using these data,
determine the BOD as a function of time, i.e., calculate the BOD for each day.

Time, d I . Dihsted Sample Seeded Blank i
, Dissolved Oxygen, g/ m’ Dissolved Oxygen, g/m”
0 8.55 8.75
1 4.35 8.70
2 4.05 8.66
3 3.35 8.61
4 2.75 857
3 2.40 8.53
6 2.10 8.49
7 __ 185 = 8.46 |

Olven, © .“Chast
' pzd\Whmf = 0.1

find - BOD ou & funchue 'b mi_hv cagh da,w

Sowsdwm, - =
Bop = (00, - p0r) ~(bog ~ doy, )f F= 0% q Sted dawied
P 1o 7. -‘Dmdwlflu in
Jarmply
f:=0.9
S
day | (.5 ams =4aram?) = (¥7179/m> =F100/md) 0.9 | = 4 1.5¢
0.3
Day 2 ! (5.559/m> — 40T3m3Y - (¥.959/m3 —20b%m?) 0.4 = Y4, )9 maglL
0.
Day 3 (€5T9Im> = 5353/ ) = (8317 3/m’ ~EL) 9Im3) 0.4 = Sp. 1Y wg L
0.\
Doy Y (.58 9/ =235 Yw3) - (£.I59/m® - 6.513/m1) 0.9 = S6.3% wmglL
0.1
bow I (E.£5 qind « 2409w ) -(g A7 a9lm>~ ¥.533 /)08 = 59,52 mafo
0.1
Doy b - (B.5Tolm® - 20w - (g5 - 549 /303 = G2 .1L Mg L
0.}

Dw«j'll (850 2hm? = |51 (9/m®) (g5 9hn? — FEHL Im3)0 A = CH.2a mag).
00‘
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